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I . 


INTRODUCTION 


Wind profile monitoring is an important aspect of pre-launch 
assessments of Space Shuttle ascent performance and loads 
variables. A persistent pattern of loads exceedances and a fore- 
cast of no change in the wind profile is the basis for a launch 
postponement. The validity of the postponement is established by 
assessment of loads based on the wind profile at the scheduled 
time of launch. The probability of an invalid postponement is 
decreased as forecasting skill increases. At present, there is 
no technique other than persistence for forecasting of pertur- 
bations in a wind profile. The lack of persistence of a critical 
perturbation could lead to an invalid postponement. Similarly, 
the validity of a "go" decision can also be established. An 
invalid "go" is obviously more important than an invalid "no go" 
because it could, in the worst case, result in the loss of the 
vehicle . 

The probability of invalid "go" and "no go" decisions can be 
reduced by development of techniques for reducing wind loads. 
This can be achieved by improving the technique used for wind 
biasing. At present, wind biasing of the Space Shuttle launch 
trajectory is with respect to the monthly mean. More accurate 
wind biasing could be achieved by utilizing wind profile infor- 
mation obtained on the day of launch. The purpose of this report 
is to provide information on short term (< 12 hours) changes in 
the wind profile. This information can be used for establishment 
of the accuracy of a day-of-launch wind biasing scheme for the 
Space Shuttle. 

The analyses of wind change described in the six sections that 
follow this introduction are for the most part concerned with 
Vandenberg Air Force Base. Wind component change profiles are 
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defined in Section II and examples are presented to illustrate 
the effect of filtering on wind change. Statistics of wind 
change within altitude bands listed in Appendix A are described 
in Section III. A study of the maximum 3.5-hour vector wind 
change is described in Section IV. A model for wind change at a 
specified altitude is described and tested in Section V. The 
statistics of wind change as a function of altitude given in 
Appendices B and C are described in Section VI. A study of the 
effect of low-pass filtering on the standard deviation of wind 
component change is presented in Section VII. 
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II. 


PROFILES OF WIND COMPONENT CHANGE 


Profiles of wind component change are obtained by subtracting the 
wind component profile observed at T-X hours from the profile 
observed at T-0 hours. Thus, the sign of the wind component 
change is in agreement with the sign convention used in the stan- 
dard meteorological wind coordinate system; i.e., the zonal com- 
ponent, u, of the wind vector is positive for a west (west to 
east) wind and negative for an east (east to west) wind. A nega- 
tive u-component change can be described as an "easterly tendency" 
which is characterized by a decreasing west wind, or a shift from 
a west wind to an east wind, or an increasing east wind. Similar 
descriptions can be made for positive u-component change 
(westerly tendency), positive v-component change (southerly 
tendency) , and negative v-component change (northerly tendency) . 

An assessment of the contribution to wind component change by 
wind perturbations in various wavelength bands has been achieved 
by analysis of wind change calculated from smoothed profiles. 
Wind profile smoothing is achieved by application of a low-pass 
filter. If two wind profiles are smoothed by the same filter, 
then the difference or wind change between the profiles is also 
smoothed. Illustrations of the effect of wind profile smoothing 
on the wind change profile between 9 and 16 "km are presented in 
Figures 1 and 2; each figure contains 12 plots of wind com- 
ponent change observed during a 3.5 hour period at Vandenberg Air 
Force Base ( VAFB) . The six plots on the left side of each page 
are for the u-component change; the right side is for the v- 
component change. The first plot at the bottom represents wind 
change that has been calculated from unfiltered profiles. 
Scanning upward, beginning with the second plot from the bottom, 
illustrates the effect of an increasing amount of smoothing; the 
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9 10 11 12 13 14 15 16 9 10 11 12 13 14 15 16 

ALTITUDE (km) ALTITUDE (km) 

FIGURE 1. WIND COMPONENT CHANGE PROFILES (9- 16 km) CALCULATED FROM 

UNFILTERED AND LOW-PASS FILTERED VAFB WINTER PROFILE PAIR 22. 
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ALTITUDE (km) 


ALTITUDE (km) 


FIGURE 2. WIND COMPONENT CHANGE PROFILES (9-16 km) CALCULATED FROM 

UNFILTERED AND LOW-PASS FILTERED VAFB WINTER PROFILE PAIR 26. 
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second through sixth plot were calculated from low-pass filtered 
wind profiles with nominal cut-off wavelengths, A c , of 500, 1500, 
3000, 6000, and 9000 m, respectively. The plots in Figures 1 

and 2 clearly indicate that wind component change is strongly 
affected by smoothing the wind profiles. 

An examination of the plots across the top of Figures 1 and 2 
indicates an important difference between the wind change for 
profile pair 22 and pair 26. For pair 22 (Figure 1), a signifi- 
cant part of the wind change remains for A c = 9000 m; thus, a 
relatively large contribution to wind change is made by wave- 
lengths greater than 9000 m. In contrast, for pair 26 (Figure 2), 
very little wind change remains for the maximum smoothing. A 
measure of the effect on wind change imposed by wind profile 
smoothing is the percent reduction of variance, VR, in the wind 
change profile. The results summarized in Table 1 indicate that 
only 35-48 percent of the component wind change variance is 
removed by the maximum smoothing (A c = 9000 m) of the profile 
pair 22 (Case I). Thus, a large percentage (52-65) of the wind 
change variance is attributed to wavelengths larger than 9000 m; 
it is also indicated that only 30-44 percent of the wind change 
variance is attributed to wavelengths less than 3000 m. For pair 
26 (Case II) , 98 percent of the wind change is removed by the 

maximum smoothing. Thus, nearly all the wind change is attri- 
buted to wavelengths less than 9000 m; in addition, 86-88 percent 
is attributed to wavelengths less than 3000 m. The conclusion 
drawn from these examples is that large wavelengths can make a 
significant contribution to wind component change during a 3.5 
hour time interval. To establish the extent of this behavior at 
VAFB, the statistics of variance reduction are examined. The 
distribution of VR for A c = 9000 m is given in Table 2. It is 
indicated that 3 cases had small VR (< 20 percent), 6 cases had 
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Table 1. Effect of Filtering on Wind Change in the 9-16 km 
Altitude Layer. Two Examples: Trend (Case I), 

No Trend (Case IT) 


Low-Pass Variance Variance 

Filter Cut-Off a A U 2(m2/s2) VR(D o { m 1 2 3 /s 2 ) VR 
Wavelength, m 


Case I ( 2) 


Case Il(3) 


- 

48.7 

- 

21.9 

- 

500 

48.7 

0 

21.7 

1 

1500 

43.0 

12 

15.8 

28 

3000 

34.2 

30 

12.3 

44 

6000 

33.2 

32 

18.4 

16 

9000 

25.4 

48 

14.3 

35 


- 

18.6 

- 

14.4 

- 

500 

18.6 

0 

14.4 

0 

1500 

10.4 

44 

8.1 

44 

3000 

2.6 

86 

1.7 

88 

6000 

.90 

95 

.41 

97 

9000 

.28 

98 

.35 

98 


(1) VR = Percent reduction of variance = lOO(l-R) 

R = Ratio of wind component change variance obtained from 
filtered and unfiltered wind profiles 

(2) Jimsphere profile pair 22 from the 50-Pair VAFB-winter sample 

(3) pair 26, data base same as in Note (2) 
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Table 2 


Distribution of Variance Reduction, 
VR, of u-Component Wind Change at 
VAFB for X c = 9000 m, 50 Pairs 


VR ( Percent) 


> 

< 


0 

0 

10 

10 

20 

20 

30 

30 

40 

40 

50 

50 

60 

60 

70 

70 

80 

80 

90 

90 

100 


Number of Cases 


1 

2 


2 

3 

1 

11 

12 

18 
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moderate VR (20 VR < 70), and 41 cases had large VR (> 70). 
The contribution to wind change by wavelengths greater than 9000 m 
is inversely proportional to VR. Therefore, a moderate to large 
contribution to wind change for A c = 9000 m is indicated in 9 
out (4) of 50 cases. The remaining 41 cases indicate a small 
contribution by large wavelengths. Average values of VR for the 
41 case and 9 case subsamples are listed in Table 3. 


Pairs 14, 15, 17, 


18, 21, 22, 23, 31, 48 
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Table 3 . 


Mean Percent Reduction of u-Component Wind Change 


Variance in 

the 9-16 km Altitude Band 

as a Function 

of Low- Pass 

Filter Cut-Off Wavelength, 

X , VAFB, 

Winter, 50 

Pairs 



X (m) 

VR( % ) 

VRgOOO > 70 Percent 

500 

2 

(41 Cases) 

1500 

26 


3000 

55 


6000 

77 


9000 

87 


VRgooo _S 70 Percent 

500 

1 

(9 Cases) 

1500 

14 


3000 

32 


6000 

25 


9000 

30 
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III. 


STATISTICS OF WIND CHANGE WITHIN AN ALTITUDE BAND 


VAFB, Santa Monica, and Kennedy Space Center (KSC) seasonal data 
are used for the study of wind change within the 3-9 and 9-16 km 

altitude bands. The components, Au and Av, and the modulus, w, 

of the wind change vector are calculated at equal altitude 

increments^) within the specified altitude band. The sta- 
tistics calculated for each profile and altitude band include: 

o Means, standard deviations, and correlation coefficient 
of the wind change components 

o Mean and standard deviation of vector wind change 
modulus 

o Maximum wind change modulus 

The eight statistics for each profile pair of the seven data 

bases comprise columns 2 through 9 of the data tabulations given 
in Appendix A. Column 1 contains the profile pair number. If 
any of the columns of data are scanned vertically, it is obvious 
that wind change within an altitude band is highly variable from 
profile pair to profile pair. This is supported by the sta- 
tistics of w given after the last profile pair; the standard 
deviations of w and Max w are almost as large as (and in a few 
cases larger than) the mean of w. 

The statistics given in Appendix A were used for the analysis of 
maximum 3.5 vector wind change described in Section IV. 


(5) 25 m for VAFB Jimsphere data and 1000 m for Santa Monica 
Rawinsonde data 


11 


IV. MAXIMUM 3.5 HOUR VECTOR WIND CHANGE 


Vector wind change, w, is defined as the modulus of the wind 
change vector with components Au and Av; thus 

w = ( (Au)2 + (Av) 2 ) ^2 (1) 


The maximum 3.5 hour vector wind change, WM3.5, in the 9-16 km 
altitude layer was calculated from the 50 profile pairs of each 
set of unfiltered and low-pass filtered VAFB winter data. The 
probability distributions of these sets of maxima are illustrated 
in Figure 3 ? note that the largest value plotted is the 98 per- 
centile which is the second largest value of the sample. The 
largest and second largest values of each data set are listed in 
Table 4. As shown in Figure 3 and Table 4, the extreme values 
of WM3 . 5 change only slightly as A increases to 3000 m. This 
supports the hypothesis that systems with inadequate capability 
to measure small scale perturbations in the wind profile can 
yield fairly accurate measurements of the largest maximum 3.5 
hour wind change. A similar hypothesis is not supported for 
cumulative probabilities less than .87 because the distributions 
indicate a steady decrease of WM3 . 5 with increasing smoothing 
( increasing A ) . 

It is noted that the large maxima listed in Table 4 are caused 
by changes in wind direction rather than changes in wind speed. 
These large wind changes at VAFB could be attributed to the 
migration of cold-core closed circulation patterns across 
California and the southwestern United States during the winter 
and early spring. When the ten profile pairs^) containing these 

(6) Pairs 6, 9, 17, 18, 19, 22, 23, 36, 37, 38 
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large changes are eliminated from the sample, we obtain the 
distribution of WM3 . 5 denoted by VAFB40 in Figure 4; for com- 
parison the original distribution ( VAFB50) and the distribution 
based on 65 KSC winter pairs are also plotted. The large dif- 
ference between VAFB50 and KSC is attributed to four extreme 
pairs(7) at VAFB. Elimination of the four pairs yields the 
distribution denoted by VAFB46. 


(7) Pairs 17, 23, 36, 38 
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Table 4. 


Largest (I) and Second Largest (II) Maximum 
3.5 Hour Vector Wind Change, WM3.5, in the 
9-16 km Altitude Band for Various Low-Pass 
Filter Cut-Off Wavelengths, A 


WM3.5 (m/s) 


X (m) 

I_ 

II 

(8) 

71.4 

43.1 

500 

71.7 

42.9 

1500 

69.6 

42.0 

3000 

69.2 

40.7 

6000 

67.1 

34.6 

9000 

60.3 

27.8 


(8) Unfiltered Wind Profiles 
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X, m/s 


VAFB 50 



.02 .05 .10 .20 .30 .40 .50 .60 .70 .80 .90 .95 .98 .99 .998 .999 

PR (WM 3.5 <X) 


FIGURE 4. CUMULATIVE PROBABILITY DISTRIBUTION OF MAX 3.5 HOUR WIND CHANGE IN 
THE 9- 16 km LAYER 
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V. A MODEL FOR WIND CHANGE AT A SPECIFIED ALTITUDE 


Theoretical probability concepts for analysis of wind change at a 
specified altitude are described by Smith (Ref. 1). These con- 
cepts are applied to a set of VAFB Rawinsonde data by Adelfang 
(Ref. 2), who derived the monthly quadravariate normal statistics 
of wind change for time intervals from 12 to 72 hours and altitu- 
des from 0 to 27 km. The components, Au and Av, of the wind 
change vector are each normally distributed with zero mean and 
standard deviation o given by 


°i {Atl = /o u, 2 + " 
u 1 

a A {At} = / a 2 + 
v 1 



2R 


u l u 2 


2R_ 


V 1 V 2 


{ At}a 


{ At}a 



(2) 

(3) 


where u^ and U2 are the zonal wind components at time ti and t2, 
respectively, Au = U 2 - U]_, and At = t2 - t]_. Similarly, v^ and 
V 2 are the meridional wind components at time t^ and t 2 . 

Empirical statistics indicate that cr u ^ = o u ^ = cr u and = 

C?v • 

Thus, Equations (2) and (3) become 

°A {4tl = ^ °u / 1 - Vu < 4t) <4) 

u 12 

c A {At} = /Ta v / 1 - R „ {At} (5) 

v 12 
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It has been shown that the lag correlation, R{ At } , decays expo- 
nentially with increasing time interval between 12 and 7 2 hours 
(Ref. 2) . 

R {At} = EXP(-K At) (6) 
u l u 2 


R {At} = EXP (-K At) 
v, v 0 v 


(7) 


By substitution of Equations (6) and (7) into Equations (4) and 
(5), respectively, we obtain 


°4u f4t > = & °u 

/r 

- EXP (-K u At) 

(8) 

°av (4t) = ^ °v 

/r 

- EXP(-K v At) 

(9) 


Equations (8) and (9) represent the essential elements of a model 
for wind change at a specified altitude. Since Au and Av are 
each normally distributed with zero mean, the standard deviation 
given by Equation (8) or (9) are all that is required for deter- 
mination of the probability distribution of Au and Av for a par- 
ticular time interval. 
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An objective of this study is to test an extension of the wind 
change model to time intervals less than 12 hours. This is 
accomplished by utilizing the six data bases described in 
Table 5. The results of the study are illustrated in Figures 5 
through 3. The plotted points represent the standard deviations 
calculated from the data bases listed in Table 5. The vertical 
lines extending upward and downward from the plotted points are 
the 95 percent confidence bands of the standard deviations. 

The curve in each of the figures is derived from either Equation 
(8) or (9) and the parameters listed in Table 6. Similar curves 
can be derived for other months and altitudes between 0 and 27 km 
by utilizing the data presented in Ref. 2. 

For time intervals between 12 and 7 2 hours, each curve lies 
within the confidence bands for the VAFB Rawinsonde data. This 
result, indicating good agreement between oberved and predicted 
standard deviations, is not surprising because the model and the 
observations are derived from the same data base. When the model 
is applied to the six other data bases for time intervals equal 
to or less than 12 hours, the outcome is somewhat different. 
Good agreement occurs for five (out of six) data bases for a u at 
10 km, three for a v at 12 km, and none for a v at 12 km. Overall, 
at the two altitudes studied, there is good agreement in 11 out 
of 24 cases. In 10 of the 13 cases for which there is not good 
agreement, the model over-estimates the standard deviation. 
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Table 5. Data Bases Used in VAFB Wind Change Study 
(At < 12 Hours) 


Description 

Season/ Month 

Altitude 

Range 

(km) 

Number 

of 

Pairs 

At ( Hr ) 

1 . Jimsphere 

Winter 

0-20 

50 

3.5 

2. Santa Monica^®) 

January 

0-27 

220 

6 

3 . Santa Monica 

Winter 

0-27 

880 

6 

4. Jimsphere 

Winter 

0-20 

57 

7 

5 . Santa Monica 

January 

0-27 

186 

12 

6 . Santa Monica 

Winter 

0-27 

724 

12 


Table 6. Parameters of Equations (8) and (9) Based on January 



VAFB Rawinsonde 

Data (1965-74) 



Altitude 

(km) 

a u (m/s ) 

K u ( l/s ) 

a v (m/s) 

K v ( 1 / s ) 

10 

18.60 

.0179 

16.99 

.0363 

12 

18.34 

.0146 

16.01 

.0390 


( 8 ) 


Rawinsonde 
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FIGURE 5. STANDARD DEVIATION OF u-COMPONENT CHANGE AT 10 km. 
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FIGURE 6. STANDARD DEVIATION OF v-COMPONENT CHANGE AT 10 km. 
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20 h 


18 h 


16 h 


14 h 


« 12 
E 


^ 10 


8 h 


6 h 


4 k 


2 h 


x VAFB RAWINDSONDE, JANUARY 
O SANTA MONICA RAWINDSONDE, JANUARY (SMJ) 
□ SANTA MONICA RAWINDSONDE, WINTER (SMW) 

V VAFB JIMSPHERE WINTER 
j 95 PERCENT CONFIDENCE BAND 



4* SMW 
-*-SMJ 


EQ.8 


J I I I I I I I I 


^ I ■ I .1 


12 

At, HR 


24 36 48 60 72 


FIGURE 7. STANDARD DEVIATION OF u- COMPONENT CHANGE AT 12 km. 
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a Av, 



At, HR 

FIGURE 8. STANDARD DEVIATION OF v-COMPONENT CHANGE AT 12 km. 
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VI. STATISTICS OF WIND CHANGE AS A FUNCTION OF ALTITUDE 


The components Au and Av of the wind change vector have a 
bivariate normal distribution which is defined by five parame- 
ters. They are the means and standard deviations of components 
and the correlation coefficient between the components. These 
parameters are generally known as the bivariate normal (BN) sta- 
tistics. Appendix B contains the BN statistics for the six data 
bases described in Table 5; plots of these statistics as a func- 
tion of altitude are in Appendix C. 
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VII. THE EFFECT OF LOW-PASS FILTERING ON THE STANDARD DEVIATION 


OF WIND COMPONENT CHANGE AT A SPECIFIED ALTITUDE 


The standard deviation of wind component change has been calcu- 
lated at .5 km altitude increments from sets of 50 VAFB winter 
Jimsphere profiles that have been subjected to an increasing 
amount of smoothing. Profiles of wind component standard 
deviation are illustrated in Figures 9 and 10. The jagged 
dashed line in each figure represents the standard deviations of 
wind change between unsmoothed profiles; the solid line repre- 
sents standard deviations of wind change between wind profiles 
that have had the maximum smoothing . The plotted symbols are for 
an intermediate degree of smoothing. If we examine the effect 
that smoothing has at specific altitudes, we observe that, at 
some altitudes, the standard deviation reaches a minimum at some 
intermediate degree of smoothing. As a result of this behavior, 
the profile of wind component standard deviation also becomes 
smoother as wind profile smoothing increases. 
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ALTITUDE, km 
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VAFB 3.5 HR. COMPONENT CHANGE 
WINTER 


4 16 18 20 22 24 26 28 30 

DEVIATION, m/s 

I u-COMPONENT CHANGE AS A FUNCTION OF 



ALTITUDE, km 


26 - 

VAFB 3.5 HR. COMPONENT CHANGE 
WINTER 

94 - UNFILTERED 


a X c = 1500m 
x X c = 3000m 
O X c = 6000m 



STANDARD DEVIATION, m/s 


FIGURE 10. STANDARD DEVIATION OF 3.5 HOUR v- COMPONENT CHANGE AS A FUNCTION OF 
ALTITUDE, VAFB WINTER (50 PAIRS) 
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VIII. CONCLUSIONS AND RECOMMENDATIONS 


The analyses and data in this report can be used in the develop- 
ment of methods for reduction of wind loads on the Space Shuttle 
during ascent. Wind biasing with respect to the monthly mean 
wind is part of pre-programmed launch trajectories for various 
missions. In situations when loads are expected to be near cri- 
tical levels, methods are sought which would reduce the loads. 
It has been proposed that loads reduction could be achieved by 
optimizing the wind biasing scheme. This would be achieved by 
using a wind bias profile that is more representative of con- 
ditions at the time of launch. The wind bias profile would be 
based on a smoothed low-pass (filtered) version of a wind pro- 
file measurement taken no earlier than 3-1/2 hours before launch. 
The minimum time period prior to launch is required for measure- 
ment of the wind profile, derivation of the wind bias profile, 
and revision of the programmed trajectory. This approach is 
based on the hypothesis that large wavelength perturbations in 
the wind profile change slowly with time. The results described 
in Section II of this report support this hypothesis for a large 
majority of cases (41 out ot 50). However, in nine cases, 
smoothing of the wind profiles to eliminate wavelengths less than 
9000 m does not reduce the wind change to the desired insignifi- 
cant amount. 

It is recommended that a study be performed to test the method 
outlined above for optimizing the wind biasing scheme for the 
Space Shuttle. The study consisting of three tasks listed below 
would utilize the VAFB winter Jimsphere pairs data and existing 
trajectory and loads simulation programs. The tasks are: 

1 . Wind bias with respect to the monthly mean and calcu- 
late loads based on the T-O profile 
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2. Wind bias with respect to the smoothed T-3.5 hour pro- 
file and calculate loads based on the T-0 profile 

3. Examine results of 1. and 2 . on a case-by-case basis. 

There is no need for detailed examination of small loads cases. 
The ideal outcome in 2. would be the reduction of loads in all 
cases that had moderate to large loads in 1 . An inconclusive 
outcome in 2. would be little or no change in loads. An unaccep- 
table outcome in 2 . , which would be the basis for rejection of the 
proposed scheme, would be an increase of the large loads and an 
increase in the moderate loads to such a degree that they would 
fall in the large or critical category. 
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APP ENDIX A 

Statistics of Wind Change Within 
the 3-9 km and 9-16 km Altitude Bands 

Page numbers for the various data bases are given in the table below. 
The numbers within the table represent an abbreviation of the actual 
page number; for example, 'A-10' is entered as '10' in the table. 


PAGE 


LOCATION 

SEASON 

DT 

( HOURS ) 

ALT. 

(KM) 

LOW-PASS 

UNFILTERED 

FILTER 

500 

CUT- 

1500 

OFF WAVELENGTH 
3000 6000 

(M) 

9000 

VAFB 

WINTER 

3.5 

3-9 

2 

3 

4 

5 

6 

7 

VAFB 

WINTER 

3.5 

9-16 

8 

9 

10 

1 1 

12 

13 

VAFB 

TRANSITION 

3.5 

3-9 

14 

15 

16 

17 

18 

19 

VAFB 

TRANSITION 

3.5 

9-16 

20 

21 

22 

23 

24 

25 

VAFB 

SUMMER 

3.5 

3-9 

26 

27 

28 

29 

30 

31 

VAFB 

SUMMER 

3.5 

9-16 

32 

33 

34 

35 

36 

37 

VAFB 

WINTER 

7 

3-9 

38 

* 

* 

* 

★ 

* 

VAFB 

WINTER 

7 

9-16 

39 

* 

* 

★ 

* 

★ 

SANTA MONICA 

WINTER 

6 

3-9 

40 

* 

* 

* 

* 

* 

SANTA MONICA 

WINTER 

6 

9-16 

55 

* 

* 

* 

* 

* 

SANTA MONICA 

SUMMER 

6 

3-9 

70 

* 

* 

* 

* 

* 

SANTA MONICA 

SUMMER 

6 

9-16 

85 

* 

* 

* 

* 

* 

KSC 

WINTER 

3.5 

3-9 

100 

102 

104 

106 

108 

110 

KSC 

WINTER 

3.5 

9-16 

112 

114 

116 

118 

120 

122 

KSC 

TRANSITION 

3.5 

3-9 

124 

125 

126 

127 

128 

129 

KSC 

TRANSITION 

3.5 

9-16 

130 

131 

132 

133 

134 

135 

KSC 

SUMMER 

3.5 

3-9 

136 

137 

138 

139 

140 

141 

KSC 

SUMMER 

3.5 

9-16 

142 

143 

144 

145 

146 

147 


(*) Not Included 
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U-COMPONENT CHANGE V-COMPONENT CHANGE VECTOR WIND CHANGE 

MEAN STD. DEV. MEAN STD. DEV. R MEAN STD DEV. MAX 
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u- COMPONENT CHANGE V- COMPONENT CHANGE VECTOR WIND CHANGE 

MEAN STO.DEV. MEAN STD. DEV. R MEAN STD DEV. MAX 

- 1.73 .73 308 .80 -.907 3.55 1.03 
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APPENDIX B 


Bivariate Normal Statistics of the Wind 
Change Vector 


Page numbers for the various data bases are given in the table below. 
The numbers within the table represent an abbreviation of the actual 
page number; for example, 'B-2‘ is entered as '2' in the table. 
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APPENDIX C 


Plots of Bivariate Normal Statistics Listed in Appendix B 
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